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(54) Intravascular catheter having combined Immglng abrasion head 


(57) Front-end and side-on intravascular cathetere 
(110,910) are described that comprise an abrasive 
head (126,740.920) contained substantially within a 
houdng (120,914). Aspiration means (932,934) and 
flushing nwans (936.938,940) are oonnsded to the 
r^on of grinding to remove dislodged debris. A pre- 
fared entoliment has the abrasivB surfece of a rotata- 


ble head comprised of diamond powder, fused ^ica, 
tungsten carbide, aluminium oxide or boron nltrida 
Another preferred emljodiment has an ultrasonic trans- 
ducer (744) affbced fo the head (740) to pemfiit translu- 
minal Imaging of the side of occlusion. 
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Doscrtptlon 

BACKGROUND OF THE INVErmON 

i-FlftMfftttwInyfffiflQn 

The present invention relates generally to vascular 
catheters. More partcularty, the present invention 
relates to atherectomy catheters capable of peribrming 
abrasion atherectomy, optionaify in corrtblnatlQn wKh 
tianstuminal iniaging. 

The blood vessels of huntan beings commonly 
become constricted due to the deposition of fatty sub- 
stances, e.g.. lipoproteins, on the Interior of the vessel 
walla This condition, ioiown ae arterioed en oeis. or 
atherosclerosis, occurs naturally as a part of the aging 
process. TTie condition may also be promoted by such 
factors as heredity, cfiet. hypertension, and cigarette 
smoke. TTie vascular deposits result in a restriction of 
blood flow and In serious cases can place a person's 
health at risk. In acute cases the restriction can result in 
stroke, hemorrhage, etc. Initially, the fatty deposits are 
relatively soft; however, over lime they become f ibrotic 
and hardened. 

Numerous approaches for reducing and removing 
intravascular deposits have been proposed. The depos- 
its, called atheromas or athen>8Cl&t>tic plaques, can be 
rearmed by dilatation of an infteitable balloon located at 
the distal end of an angioplasty catheter. AitemalivBly, 
atheromas can be removed from the vessel waD by cut- 
ting, grinding, or themnal ablation, e.g., via la^r angi- 
oplasty. Of particular interest to the present invention 
are atherectomy catheters that remove atheromas from 
the vessel wall by cutting or grinding. 

In a tyi»cal atherectomy operation, a catheter of 
appropriate diameter is introduced into a patient's vas- 
cular system and positioned adjacent the ocduding 
atheroma. The di^l end of the catheter is provided with 
a blade which is brought into contact with the atheroma. 
TTie catheter mav either be a terminal (front-end) cutting 
type or a side-cutting type. Side-cutting atherectomy 
catheters frequently employ an inflatable balloon 
located opposite the blade to flmnty engage the blade 
with the atheroma. 

However, the above devices have cerlHln deficien- 
des. In particular, the blades of the cutting element may 
dice into too much of the ocduding material at one time, 
thereby cauang release of large enri)oli and/or oipture 
of the vessel waO. iwioreover, if the emboli are not 
promptly captured and remwed from the patient's body, 
they may pass through the vascular system until th^ 
become wedged in narrow points of the vascular ctan- 
nels. If an err^lus becomes lodged In a crfttoal region 
of the vascular system, eg., a coronary artery, the 
patients health can be placed seriously at risk. 

The rdease of large emboG into the vascular sys- 
tem is particularly problematic when front-end catheters 
are employed. Front-end devices generally employ a 
cutting dement which extends beyond the cfistal end of 


a casing for the cutting element See. for example, US. 
Patent Ho, 4,857,046. Thus, relatively large partides 
can be dislodged from the atheroma. Additionally, the 
dislodged partides generally renudn outside the cadng 
of the cutting element free from entrapment by the 
catheter. If such partides are not promptly collected 
they will drculate freely through the vascular system as 

Side-cutting catheters generally reduce the lil®li- 
hood that entsoli wOl be released Into the vascular sys- 
tem since the houdng in which the blades are at least 
partially contained can passively coDect dislodged parti- 
des. TTie collected particles can be renK>ved from the 
patient's vascular system upon retraction of the cathe- 
ter. See. U.& Patent t^ 4,794.931. However, many 
partidee can be expected to escape entrapment within 
the catheter in such a devica 

Several methods have been proposed for remedy- 
ing the shortcomings identified above. One approach is 
to modify the impacting head in order to channel dis- 
lodged partides Into the catheter. See. iof SKampie, 
U.S. Patent Na 4,857.046 which describes an auger- 
lilte mechanism for collecting partidee. Another 
approach is to provide an aspiration means for actively 
removing partides from the vascular system. See. for 
example, U.S. Patent No. 4,857.045. Still other 
approaches involve modifying the impacting head to 
reduce the size of the dislodged partides in an effort to 
minimize the risk to the patient presented by large 
embdi. See, for example. Fig. 4 of U.S. Patent No. 
4,857,045. None of the approaches proposed for reduc- 
ing the size of partides and for capturing and withdraw- 
ing the partides provides a satisfactory solution for 
these problems. 

For these reasons it is desirable to provide cathe- 
ters that grind atheromas Into very small debris parti- 
des. Also, it Is desirable to remove those partides via 
catheters provided wHh flusHng and aspiration means 
for removing the partides. Such devices are expected to 
significantly reduce the potential for release of large 
enMi. Additionally, It Is desired to provide a means for 
transluminaDy imaging the site of atherectomy in order 
to detennlne the location and eodent of remcval of the 
undesired tissua 

g DescripfHon of the Ba ckground Art 

U.S, Patent Nos. 4.857.046. 4.857.045. 4.842,578. 
4.747,821. 4,631.052, and 4,795.438 all describe front- 
end intravascular catheter devices. None of the refer- 
ences describe devices tf^t gnnd away atherosclerotic 
ptebques via an impacting heed that is substantially con- 
tained within a housing. Nor do the devices utilise an 
inflatable balloon means to aid engagement of the 
impacting head with the undesired tissu& US-A^ 794 
931 desaibes a catheter having a rorary impacting 
head whidi removes sclerotic material through a side 
window provided In a hoising. An opposing baDoon is 
provided to asset placement of the head acQacent the 
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undesired material. US-A-4 794 928. 4 465 072 and 3 
889 ^7 relate to catheter designs intended tD scrape 
tilood vessels and oltier t>ody lumens. 

Viarious techniques for transluminal imaging of the 
diseased region of a vessel waO have been proposed, 
including endoscopic and uhrasonic Imaging tech- 
niques. See, tor ocample, US-A-4 794 931 which 
desaibes an ultrasonic transdu^ attached to the hub 
of a rotary head. See, also. US-A-S 029 588 which 
describes a laser catheter having transluminal imaging 
capability, and US-A-5 117 831 which describes a ccnv 
bined baQoon angloplasty/Imaging catheter. 

AccoRfing tt) the present invention, there is pn>- 
vlded an Intravascular cattieter tor removing stenotic 
material from a patioit's vascular system, said catheter 
c omp rising: 

an etongate catheter body having proxinBl and 
distal ends; 

a housing attached to the distal end of the cathe- 
ter body, said housing having an open interior and an 
aperture therethrough; 

a rotBtaUe meirter substantially within the hous- 
ing for abradng stenotic material that penetrates the 
aperture so that abraded material collects within the 
housing; 

means tor rotating the rotatable member; and 
means within the catheter body tor withdrawing 
atnBded material from within the houting. 

A preferred embodiment of the invention has an 
aspirating means connected to the interior of the hous- 
ing via an axial lumen provided In the catheter body 
Abraded stenotic material is thereby aspirated from the 
patlenf s body. Additionally, grooves (or channels) may 
be provided axiaHy or helically along the exterior of the 
abrasive head or along the interior wall of the housing. 
Such grooves assi^ in transport of abraded material 
from distal the head to points proximal the head. A 
flushing means located external ^e patienTs body may 
also be employed to augment removal of material from 
whhin the cath^er housing. 

Another preferred embodiment has a transluminal 
imaging means affixed to the head for abrading the 
stenotic material. Preferably, the transluminal imaging 
means is aftorded 1^ an ultrasonic transducer. 

A further preferred embodiment of the Inventton 
employs at least one Inflatable balloon attached to the 
houang. Inflation of the banoon(s) assists in contacting 
the stenotic material with the abrasiva head when the 
housing aperture is provided in a side wan of the hous- 
ing. 

A still further preferred embocfiment of the invention 
employs a rotatable member substantially within the 
hou^g tor abrading stenotic material that penetrates 
the housing aperture Placement of the rotary member 
wHhIn the housing hsips ensure tM dislodged particles 
coOect in^e the housing. The rotatable member Is able 
to abrade stenotic material, eg., by provision of an 
abrasive surfaca Exemplary suriSaces of the rotatable 
member are comprised of dianrond powder and fiaed 


silica, tungsten cartiide. aluminum oxide, boron cait>ide, 
and the like. The rotatable men4)er can have an ax^ 
lumen tivot^h which a guidewire may be passed. Imag- 
ing of the site of oodu&on may be provided by an ultra- 

s sortie transducer affixed to the rotatable member. 

The present invention aftords novel methods for 
removing stenotic material from a patients vascular 
system. The methods comprise the steps of introducing 
the distal end of a catheter Into the vascular system and 

10 positioning the aperture of the housing located at the 
distal end of the cath^er body proximate the stenotic 
material. An abrasive member located substantially 
within the housing is engaged against the stenotic 
materia) through translatlonal and/or rotational motion 

15 of the abrasive member. Abraded n^terial is withdrawn 
from the patient's body via means for withdrawing the 
material, e.g.. by aspiration of the region within the 
housing. 

The present Invention thereto affords superior 
20 grinding devices and methods for removing stenotic 
material from a patient's vascular system. 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

25 Fig. 1 isadetail view of the distal regton of a front- 
end catheter oonstmcted In accordance with the princi- 
ples of the present invention. 

Rg. 2 is a detaQ view of the distal region of a side- 
on catheter constructed in accordance witfi the prind- 
30 pl^ of the present invention. 

Fig. 3 Is a cross-sectional view taken along line 3-3 
ofRg.1. 

Rg. 4 is a cross-sectional view taken along line 4-4 
ofRg. 2. 

ss Rg. 5 is a cross-sectional view of an alternative 
housing embodiment constructed in accordance with 
the principles of the present invention. 

Rgs. BA-D present perspedive and end-on views of 
exemplary front-end abrasive heads constructed 
40 according to the principles of the present invention. 

Figs. 7A-E present perspective views of exemplary 
side-on abrasive heads constructed acoording to the 
principles of the present Invention. 

Rgs. 8A-C show cross-sectional views of alterna- 
4B tlve catheter bodies constructed according to the princi- 
ples of the present Invention (Fig. 8A is taken along line 
8^ of Rg. 2). 

Rg. 9 is a detail view of a side-on catheter having 
an alternative design tor provision of means tor with- 
so drawing abraded material. 


DETAILED DES CRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present Inventton. Intrsvascular 
catheters will include an elongated catheter body f^- 
tng distal and proximal ends. The (stheter body wfll 
Include an abrasive head for abrading stenotic material 
at the distal end of the catheter tody. Preferably, the 
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abrasive head will be provided by an abiasivo rotatabie 
membor contained substantially within the housing. The 
housing wOl be provided with an aperture to permit intru- 
eon of the stenotic material into the housing cavity. At 
least part of the periphery of the aperture is eoq^ected to 
contact target stenotic material during operation of the 
abrasive head, thereby assisting In containment of par- 
ticles released by the grinding process. Also, means for 
withdrawing abraded material firom within the housing to 
a pdnt external the patient is prwided. Preferably, an 
aspirating means in communication with the interbr of 
the housing via an axial lumen in the catheter body wiD 
be employed as the means for withdrawing abraded 
noterial. 

In a preferred embodiment, the aperture of the 
housing located at the distal end of the catheter wiil be 
provided in a side wall of the housing. One or more 
inflatable balloons will be optionally provided opposite 
the aperture to permit anchoring the distal end of the 
catheter adjac&it a target stenosis. 

The stenotic material that can be abraded by the 
present devices Includes all naturally occurring ooclu- 
^ons of vascular waDs. ag., atherosclerotic plaques. 
lipoprotBln deposits, blood dots, hemon-haged tissues, 
etc. 

Catheters constructed aocording to the present 
invention also may include a transluminal imaging 
means affixed to the abrasive head. Such imaging 
means preferably wiO be provided by ultrasonic trans- 
ducers. Suitable transducers are described in US. Pat- 
ent No. 4,794,931, Which is incorporated herein by 
reference. 

A £athfitfiLfigdifi& 

The vascular catheters of the present invention wiD 
comprise a catheter body having distal and proximal 
ends. The catheter body wfll be flexible to permit its pas- 
«ige through the vascular system of a patient Prefera- 
bly the calh^er body win be comprised of a flexible 
transparent thermoplastic that affords ready visual 
inspection for air bubbles inside the catheter body The 
catheter body will preferably have a smooth tubular 
shape; however, the catheter body may have a ridged 
stnicture, particularly when It Is desired to provide a 
lumen, e.g., a guldewire bjmen. along the longitudinal 
axis of the catheter. 

The catheter selected wfD have an outer diameter 
smaO enough to permit positioning adgacent the dis- 
eased region of the vessel wafl. Typically, the outer 
cfiameter of catheters employed will be in the range from 
about 1 mm to 4 mm, usually being about 2.5 mm for 
peripheral arteries of adult humans arv:! eboiA 1.7 mm 
for coronary arteries. Catheters employed will typically 
have a Ien0h ranging from about 60 cm to 150 cm. 

Refening now to Fig. 1, a front-end type vascular 
catheter raistructed in accordance with the principles 
of the present invention Includes an elongated catheter 
body 110 having distal 112 and proximal 114 ends. 


Catheter t»)dy 1 1 0 is connected at its proximal end 1 14 
to a manifold (not shown) via manifold connector 116. 
Such manifold oonnedor includes internaOy-lhreaded 
means tor connecting catheter body 1 10 to the manifold 

5 and Is well knmn to those skOled In the art. The distal 
end of the catheter may be adapted to accept a move- 
able guldewire, described more fuOy herein below. 

Catheter body 1 10 is comprised of a flexfole plastic 
tut)e 118 having an outer diameter suitable for insertion 

10 into the patlenfs target vessel. PlasHctiise llStepref- 
erably comprised of a transparent thermoplastic to per- 
mit observation of air bubbles Internal the tii^e. TUbe 
1 18 is fleidble and includes at least one lumen extend- 
ing from the distal end 112 to the proximal end 114 

IS thereof. Additional lumens may be included as needed. 
TTie utifity of aich lumens is discussed in more detail 


Catheter body 1 10 is provided at its (fistal end with 
housing 120. Housing 120 preferably is constructed 

20 from stainless steel and is attached to plastic tube 118 
using conventional methods. See, for example. U.S. 
patent application Serial Nos. 732.691 and 834.893 
(now U.& Patent No. 4.794,931). In front-end type cath- 
eters an aperture 122 is provktod in the distal tip of 

25 housing 120 to permit penetration of target stenotic 
material into housing cavity 124. Housing cavity 124 
contains all void space within housing 120 and is 
defined at its (S^al end by the periph&y of aperture 1 22 
and at its proximal end by flexOsle tube 118. Abrasive 

30 head 1 26 is provided internal housing 1 20 and is capa- 
ble of nxavlng axlaDy or rotaHonally within housing cavity 
124. A cross-section of housing 120 along line 3-3 ie 
presented In Fig. 3, wtiich is discussed herein below. 
Rg. 2 shows the distal region of a side-on catheter 

ss constructed in aocordanoe with the principles of the 
present invention. Catheter body 210 has essentially 
the same dimensions and is constructed from essen- 
tially the same materials as front-end catheter bodies 
described above. Catheter body 210 has distal end 212 

40 and proximal end 214 thereof. Proximal end 214 is con- 
nected to a conventional manifold connector (not 
shown). A oonventiormi fixed guidewire 215, described 
more flilly herein below. Is secured to distal end 212. 
Hexible tube 216 is comprised of the same materials 

45 and has essentially the same configurations aDowed for 
the corresponding tube for front-end catheters 
descr3)ed at)ove. 

Rexi ble tits 2 1 6 is attached to hou^ng 21 8 in con- 
ventional manner. Housing 218 is typically comprised of 

so stainless steel and has a cylindrical shapa A portion of 
the sidewall of housing 218 is removed to present aper- 
ture 220, through whi^ stenotic material may penetrate 
Into hou^ cavity 22Z, The distal tip of housing 218 
may optionaDy be provided with an orifice through which 

ss a guidewfre can pass. 

In a pretend embodiment, at least one inflatable 
balloon Is provided external the housing so as to press 
the side of the hoidng having the aperture against the 
target stenotic material. For example, as shown in Rg. 
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2, inflatable balloon 224 is provided opposite aperture 
220 and external to housing 218. Balloon 224 is 
securely attached to housing 218. ag., via a suitdale 
adhesiva The proxmia] extremity off balloon 224 is pref- 
erably bonded to ftexible tube 21 6 via a heat-shrinkable s 
material. Balloon 224 can be inflated by passing an 
InHation medium through an inflation orifice 226 pro- 
vided proodmate tfie proximal extremity of baOoon 224. 
Other aspects of the inflatable balloon feature of side-on 
catheters are presented in US. Patent No. 4.794,931 to 
and are incorporated herein by reference 

Rg. 4 presents a crossrsedional view of the skfe- 
on catheter of Rg. 2 taken along line 4-4 thereof. Thus, 
housing 218 defines housing cavity 224 and Is provided 
with aperture 220 with balloon 222 provided opposite 
aperture 220. 

B. Abrasive Heads. 

In the present invention, an abrasive head is pro- 
vided at the distal end of the catheter body The head is 
contained siAsstantlalty within the hoi^ng located at the 
distal end of the catheter body. It is contemplated that a 
portion of the abrasive head may extend from within the 
housing to a point beyond the aperture provided in the 
houdng; however, the entirely of the head wQi be con- 
tained within the housing suffictentty to ensure that dis- 
lodged stenotic material will be substantially contained 
within the housing. 

The abrasive head may be comprised of a unitary 
abrasive material or may be a composite of a support 
material and an abrasive surface material affixed to the 
support. When an abrasive surface material is 
employed It may be adhesively bonded to the support 
by methods well known to those skilled in the art. Pre- 
ferred abrasive material comprtelng the surface of the 
abrade head indude fused silica, diamond powder, 
tungsten carbide, aluminum cxlde, boron carbide, and 
other ceramic materials Suitable abrasive materials are 
available commercially from Norton Company, Worces- 
ter, Massadiisetts. 

When a compos abrasive surface and sofid sup- 
port is emptoyed as the abrasive head of the present 
inventkvi. a suitable support material nmist be identified. 
QeneiBlly. a suitable support wfll be any solid material 
that borxis effectively to the abrasive surface material 
with an adhesive. The support further must withstand 
the inerHal and Impact forces experienoed during oper- 
ation of the abrasive head. 

A preferred support material is stainless steal. Alsa 
the support preferably has an axial lumen to allow pas- 
sage of a guidewire therethrough. 

IVpteally. the abrasive head is attached to a drive 
means via a coupling provided at its proximal end. The 
drive means will extend axialty through a lumen pro* 
vided in the catheter body to a point external the 
patienrs body. The drive means Is connected to a drive 
nrator wttich provkJes the power fdr driving the abrasive 


head. The drive means preferably includes an internal 
lumen which permits passage of a gi0dewire if de^ed. 

Operation of the drive means is such that one revo- 
lution of the drive means causes one revolution of the 
abrasive head. During operatk)n. the drive means wQI 
usually make 200-100,000 revolutions per minute. Also, 
translation of the drive means relative to the catheter 
body causes a translation of the abrasive head relative 
to the catheter body. Translation and rotation of the 
at)rBsive head via the drive means Is afforded so as to 
permit the head to oonlact stenotic material that pene- 
trates the aperture of the housing. The oonslrucUon and 
operation of drive means suitable for use in the present 
invention is further described In U& Patent No. 
4.794.931, which is incorporated by reference herein. 

1 . Front-end Cattiaters . When the catheter is of the 
front-end type, tiie abrasive head contained sut>- 
stantially within the housing wID have an abrasive 
surface at the cfistal-most end of the head. Abrasive 
surfaces may also be provided elsewhere on the 
head. The proxImaMnosI end of the head Is In com- 
munication with a means for driving tiie head, ag., 
a drive cat)le or a compressed f luU means. 

Fig. 3 presents a crosspsectior^ view of the 
head and housing of the front-end type catheter 
shown in Fig. 1. Thue, an abrasive rotalable mem- 
ber 126 « provided internal housing 120 and is 
positioned so as to permit engaging rotatable mem- 
ber 124 with any stenotic material tiiat penetrates 
the aperture 122 in the distal end 112 of housing 
120. The rotatable member 126 need not be wholly 
contained within housing 120, La, the most distal 
regton of the rotatable member may extend through 
aperture 122; however, rotatable member 126 must 
remain sufficiently within housing 120 such that the 
abrading surface of the rotatable member remains 
substantially within housing cavity 124 defined at tts 
most distal end by aperture 122. 

Grooves (or channels) are optionally provided 
axlally along the exterior wall of tiie abraslvB head 
to assisi K»s»ge of dislodged material from the 
distal-mod end of the hoislng to a point proximat 
the head. For example, Fig. 3 shows an abrasive 
rotatable member 126 provUed wHhln housing 120. 
The outer periphery of rotatable member 126 Is 
provided with two grooves 128. An abraave head 
having grooves rrtay have only one groove or may 
have a plurality of grooves. Preferably, the grooves 
wfll be spaced equally about the periphery of the 
head; however, such equal spacing is not neces- 
sary. Abrasive rotatable member 126 is also pro- 
vided v/ith lumen 130 which permits passage of a 
guidewire tiierethrough and may also assist in the 
wHhdrawal of released particles from the distal 
r^ion of the head. 

Grooves may additionally or optionally be pro- 
vidad axiaily along the interior surface of the hous- 
ing. For example. Fig. 5 shMs a cross-sectional 
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view of an exemplary rvHising 510 having (our 
equally spaced grooves 512 along the Interior sur- 
fece d housing 510. TTie same or similar designs 
having housngs provided with interior grooves are 
a]») aiitable for side-on catheters. The grooves or 5 
cTarmele wfll usually be oriented in a generally axial 
direction but it wiD also be possible to dispose the 
grooves heOcaOy so long as they provide or alkwtf for 
proximal translation of the abraded material passed 
the head. iq 

Refening now to Figs. 6A-D some exen^plary 
front-end abraslva heads in accordance with the 
principles of the present invention are presented. 
Both side views and end-on views are presented. 
Other abrasive heads consistent with the principles is 
of the present invention will be apparent to those 
skiDed In the art. 

Rg. 6A shows head 610 having a cylindrical 
body 612 capped at Hs distal end by a rounded. 
e.g.. hemispherical, abrasive mjrface 61 4. Cylindri- 20 
cal body 612 is provided with four periodic grooves 
616 which permit withdrawing abraded material 
from a region distal the head to a region proximal 
the head. An end-on view of the head shows the 
abrasive surface 616 periodically grooved around 2s 
its periphery. Drive means 620 is attached to the 
proximal end of head 61 0 and extends proamally to 
a point external the patient*8 body. 

Fig. 6B shows an aitemalivB head design In 
which head 630 has a cylindrical body and a con- eo 
cave depression 632 provided at Ks distal end. An 
end-on view of head 630 shows an abrasive sur- 
fece 634 having a drcular periphery and an orilice 
636 provided central to the surface through which a 
guidewire (not shown) may pasa Preferably, when 3s 
a guidewire is employed, the wire will pass through 
the interior of head 630 via orifice 636 and wifl 
extend through an axial lumen provided Interior 
drive means 620. The concave design of this and 
other such heads is expected to further assist in 40 
containing particles released upon grinding. 

Fig. 6C shows another embodiment of an abra- 
sive rotalable merrber of the present Irvention. 
Rotatable member 640 has a cylindrical body in 
which periodic grooves 642 are axlally provided. 45 
The distal end 644 of rotatable member 640 has a 
recessed abrasive surface 646. The periphery of 
abra^ suriace 646 is grooved at points ooRa- 
Gponding to periodic grooves 642. 

Fig. 6D presents a further embodiment of an 50 
abrasve rotatable member according to the princi- 
ples of the present invention. Rotatable head 650 
has a substantially cyllrvlrical body provided with 
periodic grooves 652 running axially akmg its sur- 
feca The distal end 654 of head 650 has a substan- ss 
tiaDy plarw abrasive surface 656 attached thereta 
The periphery of surfece 656 has Indentations 
accommodatir^ periodic grooves 652. The center 
of surface 656 is provided with orifice 658 through 


which a guidewire may pass. Imaging transducer 
660. e.g., an ultrasonic transducer, is affixed to sur- 
fece656. 

2. Side-on Catheters. 

The at^raslve heads of the present invention 
that are suitable for use in side-on catheters are 
comprised of the same or similar materials and are 
constructed analogously to the heads described 
above for front-end catheters. However, the side-on 
catheters of the present invention can be con- 
trasted from front-end designs in that side-on 
des^ns aDow use of a pull-type abra^ head, in 
which an abrasive suriace is provided on the proxi- 
mal end of the head. 

Refening now to Fig. 2, housing 218 is provided 
with aperture 220. Preferably, aperture 220 is provided 
as an elongated ^ in hou^ng 21 8. Housing 21 8 further 
defines Intemal region 224 In which an abrasive head 
(not shown) will be provided. Moreover, intemal region 
224 wiD be St least partially oocupled by target stenotic 
material and debris during opeiBtlon of the device. 
Inflatable t>alIoon 222 Is provided opposite aperture 220 
and external to housing 218. During Inflation of inflata- 
ble tedloon 222, an inflation medium is passed into bal- 
loon interior 228 provided between balloon 222 and 
hou^ng 218. Uloewise, deflation of balloon 222 occurs 
upon removal of inflation medium from the balloon inte- 
rior 228. Inflation and deflation operations are described 
more fully below. 

Referring now to Rgs. 7A-E, exemplary side-on 
abrasive heads are presented. Thus, in Fig. 7A. abra- 
sive head 710 Is comprised of a cylindrical region 712 
and a conical region 714 distal to the cylindrical region. 
Conical region 71 4 is provided with an abrasive surface, 
which preferably extends over the entirety of the conical 
region. The cylindrical region 712 of head 710 is pro- 
vided wHh periodic grooves 71 6 which allow passage of 
particles and fluid fn>m distal head 71 0 to proximal head 
710. Orifice 718 is provided in the distal tip of conical 
region 714 to allow passage of a guidewire. Drive 
means 720 is attached proximaily to head 710 to allow 
translation and^r rotation of head 710 to contact the 
abrasive surface of the head against stenotic material. 

Rg. 7B deplcis another prefen^ed embodiment of an 
abrasive head suitable for removing stenotic material 
via a side-on atherectomy catheter. Thus, the head is 
comprised of cylindrical region 722 proxImaDy attached 
to conical region 724. Conical region 724 has an abra- 
^ suri^ preferably extending over the entirety of 
region 724. The proximal-most tq> of conical region 724 
is attached to drive means 720. 

Rg. 70 presents a further preferred embodiment of 
a Qde-on abrasive head. Thus, the head comprises 
cylindrical region 730 attached at its distal and proximal 
ends to conical regions 732 and 734, respectively Both 
regions 732 and 734 are provided with dsraslve sur- 
faces. Cylindrical re^on 730 is provided with periodic 
grooves 736 and is further provttted with transducer 
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738. The pmnmal terminim of region 734 is attached to 
drive means 720. 

Fig. 7D chows a further preferred embodiment of a 
suitable side-on abrasive head in which an abrasive sur- 
fasB [8 provided over at least part of cylindrical region 
740. Cylindrical region 740 is further provided with peri- 
odic grooves 742 as described akxsve. Itansducer 744 
is provided in a recess on the surface of region 740. 

In Fig. 7E. the abrasive head is oonprised ot two 
conjoined abreslvB regions. Thus, cyllndrteal region 750 
is joined to conical region 752 provided disiaDy to cyfin- 
drical region 750. Groove 754 is provided axially along 
cylindrical region 750. 

Clearly, other designs of abrasive heads are con- 
templaled in accordance with the principles of the 
present invention. Such designs will be readily apparent 
to one sMIIed In the art 

C. Maanfi tor WithdrawinQ Material. 

A means for v^rawing dislodged stenotic mate- 
rial from within the housing for the abrasive head Is pro- 
vided internal the catheter. Such provision permits 
removal of debris generated by the grinding process 
soon after it is produced, thereby greatly reducing the 
lil^nhood of emboli being released Into the vascular 
system. Provision such withdrawing means integrally 
to the ^eter body also precludes the need for a 
means for withdrawing debris that is independent of the 
catheter. 

QeneraOy; the means tor wHhdiBwIng abraded 
material wiO be the same for front-end or side-on cathe- 
ters. However, some distinctions between front-end and 
side-on embodiments with respect to provision of the 
withdrawing nteans are envisioned and are descnDed 
below. 

Preferably, the means for withdrawing abraded 
stenotic material will principally employ an aspiration 
means in communication with the housing chanfoer 
internal the housing. Such means wiD ensure a negative 
pressure is maintained within the housing chamber rel- 
ative to the surrounding vascular system, thereby mini- 
mizing the chance of emboli release from the housing 
chamber. The location selected tor the aspiration open- 
ing within the housing Is noncritfcal: however. H will pref- 
erably be distal the housing chamber and relatively near 
the aperture of the housing in oider to minimize the time 
abraded material is retained within the housing. 

Additionally, the means tor withdrawing abraded 
material f^om the housing chamber may Include a flush- 
ing means in communication with the ctiamber. The 
flushing means wiD employ a biocompatOble flushing 
medium. Suitable flushing media are well-known to 
those stalled in the art and include saGne and electrolyte 
solutions. 

Care must be taken to ensure that the introduction 
of flushing media into the region internal the houdng 
does not significantly promote release of emboO Into the 
vascular system. Since release of emboli from within 


the houang will most likely occur through the aperture 
of the housing, flushing media wiD preferably be intro- 
duced into the housing chamt»r at a point within ^e 
housing that is as distant from the aperture as possible. 

6 Further, it is preferred that the point selected within 
the housing for introducing the flushing medium will be 
chosen so as to maximize the coverage, or *'6weep." of 
fluking meda throughout the intertor of the housing. 
Such provision wiO favor separation of the introduction 

to point of the flushing medium from the point selected fbr 
the aspiration opening. 

An exemplary pretorred embocDment of the atsove- 
described means for withdrawing abraded material is 
presented in Rg. 9. This, the distal region 91 0 of a side- 

15 on catheter has flextole tube 912 attached to housing 
914. Housing 914 isprovkjed with an aperture 916 and 
with Inflatable baOoon 918 tocated opposite the aper- 
ture, fitarame head 920 is located in housing chamber 
922 internal housing 914 and Is connected at its prood- 

20 mal end to drive means 924. Drive means 924 extends 
proodmaDy through a lumen provided in fflexfole tts 
912. A moveable guldewlre v^ll pass through a lumen 
provKied internal in drive means 924. The guklewire will 
eDCtend through the entire length of catheter 910 and will 

25 extend proximaOy and distally therefrom, as described 
more Hilly herein befow. 

An inf latton medium will be introduced into catheter 
910 va inflatfon lumen 926provkled inflexik)letube 912. 
The inflation medium wQI pass through orifne 928 pro- 

so vided at the pmxinal extremity of housing 914 and into 
inflatfon ragion 930 located between balloon 918 and 
housing 914. 

Raxibls tube 912 Is farther provided with aspiration 
lumen 932 which extends axially therethrough and ter- 

ss minates distally in aspiration orifice 934 tocated at the 
intefface between housing chamber 922 and flexibie 
lube 912. Rexible tube 912 is further provided axially 
flushing lumen 9% which extends distally to the 
proximal end of flushing tube 938 provtied within hous- 

40 ing chamber 922. Rushing tube 938 and flushing lumen 
986 are met 80 as to prevent leakage of flushing 
medium there between. Rushing medium wai pass 
through a lumen provtoed In flushing tube 938 until 
reaching flushing orifice 940 located distally in housing 

4S chamber 922. 

Other embodimente incorporating the nteans fbr 
withdrawing abraded material from within the housing 
will be apparent to the skilled practitioner in view of the 
principle of the present invention. 

so 

p. Imaging Tranfiduoers. 

Frequently, an imaging means v^nll be employed to 
afford a transluminal image of a diseased region of the 
£5 paHenTs vascular ^stem. PreferBbly, an ultrasonic 
transducer will be used to generate the imaging 
medium A preferred transducer. Us associated circuitry, 
and a preferred mode of operation are de»;ribed In U.S. 
Patent Na 4,794.931. incorporated herein reference. 


7 


13 


EP0739 603A1 


14 


Fbr example. Fig. 7D shows a qrtindrical abrasive 
heed surtable for use in a side-on catheter device 
aocQRfing to the principles of the present invention. 
Tiansducer 744 is attached to the exterior of abrasive 
roiatBble member 740. The transducer 744 wiD prefera- 
bly be portioned in a recess provided in the surface of 
member 740. The recess win be sufficient to ensure that 
transducer 744 does not Interfere with abrasion of 
atheronHc material. Typically, traneducer means 744 wiO 
be circular in shape and will have an outer diameter of 
0.02&0.100 inches. 

The catheters of the present invention will usually 
be used in oor^unction with a guidewire. The guidewire 
will be either a fixed or moveable typa When a fixed 
guidewire is used, the distal end of the catheter wfll be 
secured to the guidewire. The guidewire wiD help to 
Identify the vascular channel through which the catheter 
will pass, thereby as^tfng in placement of the dislai 
end of Ihe catheter acQacent stenotic material. 

When a moveable guidewire is employed the 
guidewire wiD be first inserted into a patienfs vascular 
system. The guidewb^ wiO pass to the target stenotic 
material. The distal end of the catheter wOl be guided to 
the site of occlusion by the guidewire. Usually, the 
guidewire will pass through an orifice provided in the 
distal tip of the catheter and will pass through the inte- 
rior of the housing, typically via a lumen provided in the 
abrasive head. The guidewire will extend proximally 
through a lumen provided for such purpose in ihe cath- 
eter until the guidewire exits the patient's body. 

Figs. 8A-C present cross-sectional views of exem- 
plary catheter bodies incorporating a lumen for passage 
of a guidewire therethrough. For example. Fig. 6A 
shows flexible tube 810 of the catheter body provided 
with lumen 812. Lumen 812 affords pas^e of drive 
means 81 4 which is itself provided with guidewire lumen 
816. Rexible tube 810 ie further provided with lumens 
818. 820. and 822 which provide, respedlvely, means 
for aspirating dislodged material, means for flushing, 
and means tor Inflating an Inflatable balloon. 

A croes-eectional view of a catheter body having an 
aftematlve design, Is shown in Fig. 8B. Thus, flexible 
tube ^0 is provided with lumen 832 which accommo- 
dates drive means 834. As shown, drive means 834 
need not have an axial lumen therethrough since the 
guidewire is passed thn>ugh a separate lumen in flexible 
tube 830. Flaxible tube 830 Is further provided with 
lumens 836, 838, and 840 which aDow. respectively, 
passage of a guidewire, aspirating means, and flushing 
means. Such a design Is preferred when an Inflatable 
balloon need not be present, e g., when a front-end type 
catheter is employed. 

Fig. 8C shows a cross-sectional view of another 
preferred embodinient, in which the guidewire passes 
throu^ a lumen provided In the flexible tube of ^ cath- 
eter body. Thus^ flexUe tube 850 is provided with an 


axial Ium9i 852 which accepts drive meane 854. Rexi- 
Ue tube 850 is further provided with lumens 856. 858, 
860. and 862 which permit, respectively, passage of a 
guidewire. aspiration means, flushing means, and inf la- 

5 Hon means. 

Other lumen patterns are consistent with the princi- 
ples of the present Invention and will be apparent to one 
skilled in the art The inner dameter of a lumen pro- 
vided for a guidewire wiD vary according to the diameter 

10 of the catheter but will typically be 0.010-0.020 Inches 
for smaller catheters and 0.025-0 040 inches for larger 
catheters. 

F Method ol Use. 

18 

Preferably, the distal end of the catheter and its 
abrasive head will be positioned acQacent target stenotic 
material with aid of X-ray fluoroscopy which readily 
IdentHles a catheter's location internal the patient Such 

20 methods are well-known to those skOled in the art 

When a side-on catheter is employed, an inflation 
balloon is preferably located opposite the target deposit 
to cause the material to penetrate the aperture of the 
housing containing the abrasive head. The abrasive 

29 surface of the head wfll grind against the stenotic mate- 
rial through a combinalion of rotational and translational 
motion until the material is effectively removed from the 
vessel waD. Debris generated by the grinding pnxess 
wiD be vacuum aspirated via an aspirating means exter- 

99 nal the patient. Preferably, a flushing medium is pro- 
vided to assist withdrawal of the parHcles. The site of 
occlusion is inspected either ooncu^ent with or subse- 
quent to the grinding process to determine the octent of 
removal, prefsrabty by means of an ultrasonic trans- 

55 ducer located on the surface of the abrasive head. The 
above series of steps can be repeated at a different site 
of occlusion in the same manner. 

Although the foregoing invention has been 
descrfoed in detafl tor purposes of ^irrty and under- 

40 Standing, it will be obvious that certain modifications 
may be practiced within the scope of the appended 
daims. For example, catheters constructed according to 
the principles of the present Invention may be equipped 
with two balloon members to better anchor the catheter 

4s Inthevascular system. Alsoi when two balloons are pro- 
vided, they may be offset from directly opposite the 
aperture of the housing, thereby allowing removal of a 
portion of the housing directly opposite the aperture. 
Such a configuration wfll allow imaging of the vessel 

so WHO directly opposite target stenoses. 

1. An intravascular catheter Ibr removing stenotic 
6S material from a patient's vascular system, said 
catheter compriong: 

an elongate catheter body having proximal 
and distal ends; 

a housing attached to the distal end of the 
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cath^er body, said housing having an open interior 
and an aperture therethrough; 

a rotatable member substantialty wiMn Ihe 
housing for abrading stenotic material that pene- 
trates the aperture so that abraded material oollects 6 
within the housing; 

means for rotating the rotatable nramber; 

and 

means within the catheter t>ody tor withdraw- 
ing abraded material from wttMn the housing. lo 

2. A cathetBr according to claim 1 . wherein the rotata- 
ble member includes at least one groove extending 
generally along an outer surface of the rotatable 
member from its distal to proadmal end, whereby r5 
abraded material may be withdrawn therethrough 
from a region distal the rotartable menrfcer to a 
region proximal the memtw. 

3. A catheter aooonfing to daiml, wherein the hous- 20 
ing Includes at least one groove extending alor^ an 
interior surface thereof from Its distal to proximal 
end, whereby abraded n^terial may be withdrawn 
from a region distal the housing to a region praxlmal 
the housing. ^ 

4. A catheter according to daim 1 , 2 or 3, wherein the 
rotatable member has an axial lumen, thereby per- 
mitting passage of a guldewire therethrough. 

30 

5. A catheter according to dalm 1 . 2, 3 or 4, wherein 
the meane for withdrawing abraded material 
includes means tor aspirating the Interior of the 
housing through an axial lumen formed through the 
catheter body. ^ 

6. A catheter according to daim 5, wherein the means 
for withdrawing abraded material further corrprises 
a means for flushing the interior of the housing. 

40 

7. A (»theter according to any one of Ihe preceding 
daime, further comprising an ultrasonic transducer 
attached to the rotatable member. 


tured within the housing; 

means internal to the catheter tor withdraw- 
ing abraded material from within the housing; and 

ultFasonic means attached to the head for 
Imaging the vascular system. 

10. A catheter Bccordlr^ to daim 9, wherein the cathe- 
ter body includes an axial lumen and the means for 
withdiawing abraded material comprises an aspira- 
tion means In oommuniGatton with said lumen. 

11. A catheter according to daim 9 or 10. wherein the 
means tor withdrawing abraded material further 
comprises means tor flushing an Interior of the 
housing with a fluid. 

12. A catheter acoording to dalm 9. 10 or 11. wherein 
the head for abrading stentotic material is a rotata- 
ble member and the catheter further comprises 
means tor relating the rotatable memK>er. 

13. Acatheter acoording to dabn 12. wherein the rotary 
member has an abrasive surf&ce. 

14. A catheter according to any one of claims 1 to 6 or 
14. wherein the abrasive suriiace is oomprlsed of a 
material selected fmm the group consisting of dia- 
mond powder, fused silica, tungsten carbide, alu- 
minium oxide and boron carbida 

15. A catheter acoording to any one of claims 9 to 14. 
wherein eaid ultrasonic meane comprises an ultra- 
sonic transducer attached to the head. 

16. A catheter according to any one of claims 9 to 15. 
wherein the aperture is disposed in a sidewaD of the 
housing. 

17. A catheter according to claim 16. further comprising 
an inflatable balloon attached to a Me of the housp 
Ing opposite the aperture. 


a A catheter aocordtog to any one of the preceding 4s 
daims, further comprfelng at least one Inflatable 
balloon attached to the housing. 


9. An intravascular catheter for removing stenotic 
material from a patlenrs vascular system, said so 
catheter comprising : 

an elongate ^heter body having proximal 
and distal ends; 

a houdng secured to the distal end of the 
catheter body, said housing having an aperture ss 
therethrough; 

a head substantially within the housing tor 
at>radlng stenotic material Hhai penetrates the aper- 
ture, whereby abraded stentotic material is cap- 
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